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ABSTRACT 

Kotredez Mine located in the Zasa.vski Mioceni~ Br•>wn Coal 
Basin in Yugoslavia was part.i ally f'louc'od by a karstic water 
inr-ush carrying a large amount of' solid particles. Hungal·i&n 
Institutions, organizations led by our lnsti+:,.:~te were 
contributing to the operation;;, measurements and to help .:>y 
planning and design or the ui·gent and long term control 
measures. The paper disc·c~sses the estimation of' the key 
hydrogeological data, the pla1u1ing of' the variables of the 
control systems, the design of' the drainage and sediment 
treatment plants. 

l. PHELlMlN'ARl ES 

The Kotredez Colliery is located in the Zao;avski 13rown Coa.l 
Basjn of mi.ocenic age in Slovenia, Repu';lic of· Yugoslavin .• 
The geological-hydrogeological situation is shown sbc~:matic­
ally in the cross section of' Fig. J;a. The l.nclined coal 
seam was exploited by applying horizontal slices and using 
normal and/or sublevel eavings. The schematic map of the 
actual mine operations is presented in Fig. 1/b. During the 
So years hist:Jry of' this mine serious wa:.er accidents n<"ver 
occured, only small water/thermal water inf'lows f'rom th>.J 
dolomite bedrock were mentionad. ln 1928 two bie water 
inru~hes occured which had 2. 9 m'/min cc>ns tant recharge af'te~· 
blocking with concrete dam. Small water inrushes with l.ow 
solid particle content occured s.ix times .in 1'.155 and 19'71~. 
These were blocked within short tl.r..t1. In March 19fll 5-6 m'/ 
min karstic water inrush with high solid particle content 
appeared in the main roadway of tho 8th levbl, Because of' 
the high volume of' Rediments thR pumping station of the 8th 
level could not operate and the 8th level developed newly 
was totally £'loaded. At this time thP repre,.,;enta'tive of' '-lUr 
Institute /A,Schmie.ler/ was :invited to parr-icipat•• in a 
consultation. Durine these d~scussions several decisions were 
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tal{on w.i th pcgard to the ncces:sur·y control measuC'e /the main 
111ay <>I' controt, ilo 1·.tzonl~t utHt V<'t'Li•·al l>olcs J'ot• drainage, 
bLock.ine; ol' water inr'usll at tlt11 level, cote./ A1'ter some months 
the soLid content of water infLow "waled tho water channel or 
the C'Oudi·J.:tY its el.f. Though no C'P upen.ing ope r·n ti ons we r'e 
car'ried on at that time, in October· l98l the ••ater inrush was 
renewed with a duplicated yield /12 m'/m.in/. The great volume 
of' tl>e sol.id sediment }leav.ily rtatuaged even the wa.in pumping 
station at Level 1•. The actu:tl. l<H'at:ion or tho renewed inrush 
was a.Lso unknown because ~lcvALs 7 and 8 were totally !'lauded 
w.i th 111u (.(' t' and sodimcn ts an< I thn wa t <' r· and sod.imen t on to rod 
into the main haulage roadway or Level 6 at many .i.nc.l:i•wd cuts. 

/See ~'.ig. 1/b/ 

Urgent assistance of the Centra.L Institute of' Mining Develop­
ment or IJungar'y was requested by the mine management /on the 
basis of' a i'riendly cooperation during the last l5 years/. 
/Schmieder-Martos .1968, Zol~6n-Bogd6ny l97l, ~esserti 1976, 
Sch.nieder-Honved 1979, S:~h•n~c>der·-H3.vasy-Kessorii 1977/- New 
pumps f C'Om the Hungarian Cent ra.L M.i ne Emergency Store were 
pro v.i ded and C'eg-u l.a ted bY thP. s t."tf'f o.f Do r·og C.:oaJ. Company 
/llun:_~ary/. Larr;e diameUn' p.i Jot hoJ..-.s fop "<>archine the loca­
t.i on of' the .inrush we ce bo r·"d by the s ta.f f of' the Hungarian 
Shaft Sinking Company /tllis staff' was .led by I,. Benke Min.E./ 
Acoustic and conventiQnaJ geophys.ica.J logging in holes, geo­
electr.ical and microseiZfll.i<· Logg.i ngs at leve.l 6 were suceess­
f'ully used .foP detecting the location of' the inrusl> a11d for 
determining the thickness of roo.f clay .layers. /The under­
gPound geophysical mpasucements wePe carried on and interpre­
ted cooperatively by the sta.l'f's of' the Geophysical Department 
of' Mining Faculty Miskolc, Hungary/ and by the Geophysical 
Section of' the Central Institute of' Mining Development /Buda­
pest, Hungary/ /Hursan L. 1982. Fabiancsics L. 1~82/. 
The manager and principal consultant of' the Hungarian assis-­
tance has been dr. A.Scbmieder the chief gPothP.chnical eey:inoer 
of' the Centr'a1 Institute for· Mining Development. 

As a result of' the above listed ef'.forts the location o.f the 
inrush was determined, bUt a larg~ damaged area of ~he roof' 
protect.ive barrier was also detected. Under those conditions 
a quick and ef'f'ecti ve sealing of' the inrush seemed to be im­
possible /Schmieder l982/, consequently other ways of' process 
control were consider~djdesigned by the staff' of' Rudarsko 
Elektroenergetski Kombinat, Trbovlje /Mr~ M. Malovrh Min.E. 
R.Ozbic Min.E. Mr. L.Grahek Min.E., Mr. M. Hocevar Min.E., 
Mr. R.Sikovec Min.E., Mr. G.Mitrevski Min.E. and others/. 

The designer team of' the Central Institute for Mining Develop­
ment provided assistance also in this work in a close and 
.friendly cooperation with the Geologica.L Dept. of' Un.i\ersi ty 
of' Ljubljana .led by Prof,Kruscer and with the staff' o.f Geo­
loski Zavod Ljubljana. All the above mentioned operations were 
governed by Rudarsko Elektroenergetski Kombinat Trbovlje and 
supervised by a goverrunentaJ. commission led by PPof' .R.Ahcan. 
As a result of' this friendlY cooperation the drainage 
operations are carried on success.fully. During the last three 
years the water table of a region of' 3 km' dropped 335 m. 
The actual yield of' drainage is lo m'/min. Addi t.ional llo m 
water level drop is predicted/planned. 
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This pape ~ pre-sents hydro/';<~o I og.i e<< I es t.i rna ti ons for deter­
Hliniag ll1e basic data i'uJ' d.c'::>.igu, fJI'OJ>osul:-:i ou .sel.cct.i~Jn the 
pcoper way and system of' control., some des.igns on draina~e 
system and on water treatment. 

2. HYDROGEOLOGICAL STUDIES 

Though the complicated geological strueture of' the region -was 
thoroughl.y studied /Kruscer 1.1.982/ and mining experiences, 
observations were also ava.ilabJ.P on th:is m.ine and on other 
mines or the coal. basin /Uo:<\ovic,_June:.o 1982/, tho connection 
oi' the dol.omi te bedro0ks with the J.arge dinaric karstic massif' 
and the ways and quantity of rechaf'ge were unknown. ThP 
drainage experiences of some mi.nes .in the vicinity /e .~.Ojstro 
Kisovec/ show quasi-separated duJ.oln.i te reservoir-s of' medium 
water- conductivity, because the.ir rAchargo var-ied between 3-
6 m'/m:in and no hydraulic l ntnr-aetions wore detected between 
the drai.nage of' the different mines. 
Addi t.i.onal. surface and undergr-ound hydrogeo.l ogical inves tlga­
t.i ons were carr-.ied on by Geo.losk.i Zavod Ljubljana /Bozovl c M. 
Junoz P. 1982/. For determining tho ways and qc.ant.ity o(' re­
charge the data of' piezometer hol.HS /see Fig 2/a/ wer-e arulys­
ed separately by the GeoJ.oglcal. Dept. ot' the University or 
Ljubljana and by the authors of tll.i s paper as well and the 
resuJ.ts o.f the two evaluaU ons wo.'e compared. Our problem 
approach and results are summar.i zed as f'o.LJ.ows: ds 
- On the basis of' the piezomet<>r data the S - dt curve ><as 
determined /see Fig. 2/b/ d 
- The feature of' this empirical S - ~ curve was compar-ed 
with the characteristic curves of difterent rech::..rge ways 
given by the so.lution of the differ·ent.ial water balance 
equations of reservoirs with different ways o.f recharge /see 
F.ig, J/a/. 
- As a resul. t of' this comparison .it seemed that the recl:arge 
had a constant praecipitation ·£rom rain.fall /2 m'/mi.n/ and an 
addi t.ional /.lateral/ recharge ,,f quasi .linear der:wndeH:y '"i th 
the depth of water level lower.ing, /Soe F.ig. 2/a/ 
For depressurizing the 8th level the recharge was estimated 
as 9-U m'/m:l.n /see Fig. J/b/. 
The same results were determined hy pro.f .,KrL·scer an..! our fore­
cast a.lso fits to the fir-st preLiminary pred.ictior. o.f 
1.Schm.ieder provided in July .1981. 

On the basis of' tr-ansmiss.ibil.i ty evaluations from p.Lezometer 
data in the vicinity of' the water inrush and on empirical. data 
of the surrounding m.cnes eval.uati.ons weJ•e made «.lso on tho 
maximum short time yieJd uf an ind.i v.idua.1 .inrush at J.eve.l 8 
/qmax 12 m'/min/ ~ 

J. PSSIGN OF' CONTROL ~J8ASUI1ES 

Urgent measures were necessary fir'st to protect the pumpl.ng at 
the 6th level against tho long per.iod ef.fect of solid sc,di-­
ments, and to protect the main roadway a~~inst the ef.fect of 
flowing water and from rock movements caused ·hy the ext rPc­
tion of 6oooo m' of' sediments f'rom t~e area of the .inrush. 
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Simultaneously with urgent measures planning and design of' 
the long :·term m.easures were also car·ricd on. 

The task·of' the Central lnstitu'e for Mining Development was 
as follows: 

- to provide occasional consultancy on urgent measures, 
to provide variants of' the sy~ tem of' 10118' term control 
measures /for decision making/, 

- to provide some specified detailed designs /e.g, the water 
freatment /f'or urgent and for the long term system as well, 

3.1. The main way of' mine water control 

Because of' the limited connection of the dolomite bedrock 
reservoir with the large karstic massif's and uf' the limited 
and known quantity,of' recharge /according to Chapter 2/ all 
partners did agree on the possibility and high necessity of 
the effective drainage of' the dolomite reservoir bedrock, 
/This solution was originally planned and decided by the 
mining company on the occasion of the first inrush./ 

All proposals, decisions on urgent measures and all variaties 
of the system design were based on the above statement, 

3,2, Proposals and deQisions on urgent measures 

'Having determined the thickness of protective clay barrier 
between the haulage roadway of level 6 and the dolomite bed­
rock, and the location of the inrush and the main tectonic 
zones /see Fig, 1/b/, first a system of drainage 1-1ells were 
agreed upon, which system consists of quasi-horJ.:zontal wells 
along the main haulage way and of quasi-vertical welJ.s locat­
ed at the area of water inrush to decreasP the yield and the 
solid particle ratio of the spontaneous inrush endangering 
the operation of the pumping station and the stabili::y <:f the 
main haulage roadway, The draihed water was planned to be 
conducted directly into the clear water sump of the pumping 
station by pipelines. The locat:ion of the drai.nage holes was 
planned and they were bored by Geoloski Zavod ~jubljana 
/Bozovic M, 1983/. All other operations were planned and 
realized by the staff of the mining company, 
As standby measures the enlarging of the sump and settling 
capacity of the 6th level were also taken into considerations, 

Variaties of the technologival design for the extension of 
the settling capacity were prepared by the staff of the Central 
1nstitute for Mining Development of Hungary. Though the 
extension of settling was not rea.lized because of' the succe3s 
of' drainage mentione.d before, ona of the varia ties is present­
ed, herein, illustratine a special way of exten<iing t:he sump 
capacity operating continuously under difficult conditions. 

Due to many reasons /e ,g. the dif.Licul ties of transportat:Lon 
at the haulage roadway cDvr-red by .Clow.ing water, the rock 
properties, etc./ ne\\ openings for settling had to be .located 
in the near vicinitY of the existing pumping plant, The 
maximum size /diameter/ of the new openings for settling was 
limited / 3,5 m/ because of the bad rock conditions. 
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FIG. 3/o DIFFERENT WAYS OF RECHARGE AND THE 
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The location map of' one of' the settlers is presented 
schematicaLLy in Fig. 4, /Bagdy-Pet·jes 1982/ 

Af'ter putting the new settlers into aperations the mod;Lf'J,cat­
ion of' tho old sumps were also planned by .form.:L:ng settle» 
and clear'water sumps with inserted water i~ets and over-
flow da~s /see Fig.4./. The capacity of' the settler units and. 
all details of' the water distribution/inf'low/outf'low were care • 
.fully designed according tb f'ull- scale settling and· sed;Lm~nt 
removal tests carried on in the testing plant o.f our Institute 
/Bagdy-Kesseri.i 1978, Bagdy 1982, Bagdy-Kocsanyi .l982/. 

3.3. System versions for long term contro.l 

Considerations were f'irst taken on versions of' the drainage 
.for protecting the,planned operations at .leve.l 8. Because o.f 
the distroyed structure of' the protective clay barrier in the 
area of' the inrush, the protective eff'ects of' clay against 
the water pressure could not be taken into account, Total 
water level lowering up to the 8th level was planned. 

The version of water level lowering by large diameter holes 
bored from level 6 equipped with submergible pumps was 
excluded mainly because of' the diff'ioulties of' boring large 
diameter holes from tqe mine, a.l though this version would 
provide the quickest solution. 

Only the versions of' gravitational way of drainage were taken 
into consideration by applying holes, drainage out and by 
combining them. 

According to hydrogeological estimations the water yield to 
be drained was evaluated for dif'ferent versions as indicated 
below: 

J<'or drainage by holes 

+ + 

where Qr is the recharge, Q t is the yield f'or draining the 
stored water in the fissure§ of the reservoir, q is the 
maximum possible yield of a hole in case of insufficient 
operation of its preventer. 

For drainage by outs 

+ q imax 

where q. is the maximum yield of a spontaneous inrush 
during a'¥~~ing the drainage cut-

For combined way of drainage 

Some other conditions and factors taken into considArations 
were as follows: 
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~·hoauae o£' the damaged pro tectiv.e clay layer at .level 8 ·an 
~.• ctiv~ drainage barrier .is extrc!.l1ely necessary in this 
~-.·,A .drainage cut c~ operate ef'f''ectively, but' with a 
liliil'V".ita~;tonal, drainage 'of' boreholes_a deeper location of' holes 
i~•s'U.cessary to reach an ef'f'ective protection, 
·i;'''1 

~'.For the version of' drainage cut the maximum capacity of' 
~•ttling is necessary because of' the loosen tectonic zones in 
.the dololllite bedrock, 

·-..: '!he drainage cut can also be utilised later as ventillation, 
or haulage roadway of' operations at le·vel 8. 

The llline management decided to select the combined way of' 
dr8.inage. /See Fig. 5,/ . . 

_. "low pressure" water door was also planned by .the mine 
management to eliminate the risk of' f'looding during energy 
pauses. For storing a water load of' several meters even this 
water door will be suitable taking into account the damaged 
protective clay barrier. 

More system variaties of' pumping were also prepared by our 
institute including high pressure submergible pumps or 
abrasion resistent low pressure pumps. I<'inally a convention­
al pumping plant equipped with Yugoslavian pumps was .!elected 
as shown in Fig. 5. The selected versions on pumping and 
drainage requ~re a sediment treatment plant between the 
drainage cut and the pumping station. It was desiened by our 
l.nstitute. /Bagdy-Kesserti 1982/ 

3.4. Sediment treatment plant at level 8 

The maximum short time yield of' the combined way of' drainage 
was estimated as 2o-22 m'/min, A part of' this yield will be 
drained by holes, which will surely produce clear water, 
consequently the "dirty" watei:' yield being treated is 
estimated as Qd = 16 m'/min. !<'or longer period the dirty 
tater input of'.sediment treatment plant f'orecasted. as 
\Qd)l = 4-8 ~/m~n. 
The volume of' solids coming f'rom one. inrush was estimated as 
2o-4oo tonns /f'rom loosen tectonic zones crossed by the 
drainage cut/. 

The requirements f'or the planned settling plant were as 
f'ollows: 

- Excellent settling ef'f'ect and mechanized removal of the 
settled sediment f'or a long period "dirty" water input of' 
6-8 •'/min. 

- "Acceptable" settling ef'f'ect and removal f'or the short 
time dirty water input of' 16 m'/min and 4oo tonns of solids. 

To meet these requirements the sediment treatment plant 
consists of' 

_ two /or alternatively/ three parallel settlers /short time 
capacity: 8 m'/min; long time capacity: 6,4 m'/min of dirty 
water/, 
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- three or alternatively four injector pumps and one feeding 
pumps Ul' TOYO geavol pumps J'OI' snLi.ihlOnt r-emoval., 

- two dewatering chambers for dewater.ing and storage of the 
removed sediments, 

- the dewatered sediment will be loaded by mine J.oading 
machines and transported by mine ears. 

In case of using TOYO-gravel pumps the sediment can be remove-d 
oven during operation. In this case only two settlers would 
be planned. 

The location map and some sections of the settler can be seen 
in F'ig. 6. /Bagdy-Kesserii 1976/ 
All details of the plant were designed on the basis of full 
scale tests carried on at the testing plant of' our Inst.it·ute 
/l<e.3serU-'3s.gcty .197-8, Bagdy-Kocs{my.i 1982, Bagdy 1982/ 
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